This work focuses on the synthesis of copper nanoparticles. The synthesis involves the use of copper nitrate, polyvinylpyrrolidone (pvp), dextrose and water as the copper precursor, stabilizing agent, reducing agent and solvent respectively.The nanoparticles were characterized by UV-visible spectroscopy, transmission electron microscopy (TEM) and dynamic light scattering (DLS). An absorption peak at 580 nm in Uv-Vis spectrophotometer was detected indicating the presence of copper nanoparticles. The DLS analysis showed Copper nanoparticles with size of 5-25 nm.
INTRODUCTION
In the recent decades, metallic nanoparticles have been widely used in various industries due to their wide range of applications 1, 2 . Nanoparticles have unique electrical, physical, chemical and optical properties 3 . Nowadays copper is highly regarded due to its specific catalytic, optical, electrical and mechanical characteristics 4 .
Copper nanoparticles have great applications as heat transfer systems, antibacterial materials, super strong materials, sensors, and catalysts [5] [6] [7] . Copper nanoparticles acts as an anti-biotic, anti-microbial, and anti-fungal agent when added to plastics, coatings, and textiles [8] [9] [10] . In fact, nanofluids are dilute liquid suspensions of nanoparticles with at least one critical dimension smaller than ~100nm. These fluids can be employed to increase the heat transfer rate in various applications. In among nanofluids, Copper nanofluids are important due their advantages and applications.
The synthesis methods of metal nanoparticles are basically divided into chemical, physical and biological methods . In 2008, copper nanoparticles with a particle size less than 10 nm were synthesized by the reduction of Cu 2+ in solution 17 . Procek et al. synthesized copper nanocrystals with a diameter of 14 nm using Cu reduction by sodium borohydride 18 . In another study, Chatterjee et al. used Cucl2 in the presence of gelatin as stabilizers to synthesize stable copper nanoparticles with a size of 50-60 nm 19 . In 2013, copper Nanocolloids with a size of 70-80 nm were synthesized using chemical reduction method 20 .
This work presents the preparation of Cu nanofluids by simple route. In this study, we used copper nitrate as an initial reagent, dextrose as reducing agent, and polyvinyl pyrrolidone (pvp) as a capping agent.
EXPERIMENTAL
All the reagents used in the experiment were of analytical grade and were used without further purification. Copper nitrate, dextrose and polyvinyl pyrrolidone (PVP) were purchased from Sigma-Aldrich. Required amount of dextrose solution were added to a vessel containing copper nitrate solution and polyvinylpyrrolidone (pvp). Polyvinylpyrrolidone was added to stabilize nanoparticles and also to prevent their oxidation and accumulation.
The reaction between dextrose solution and Cu 2+ ions were carried out in thermal conditions. After some minutes, the color of this solution changes to deep red. This color change indicates a possibility of copper nanoparticles formation. These nanoparticles were recovered by centrifugation and washed in ethanol twice. Copper nanoparticles produced were dispersed in ethylene glycol to prepare copper nanofluids. The prepared nanofluids were characterized by Uv-vis spectroscopy, transmission electron microscopy (TEM), and dynamic light scattering (DLS).
RESULTS

UV-Vis spectral analysis
Small metal nanoparticles exhibit the absorption of visible electromagnetic waves by the collective oscillation of conduction electrons at the surface 21 . This is known as the surface plasmon resonance effect. The interest in this effect is the possibility of using it as a tracer for the presence of metal nanoparticles with a simple UV-visible spectrometer.
The presence of copper nanoparticles in the suspension was checked by scanning its absorbance in the wavelength range of 500-750 Fig. 1 . A plasmon resonance peak at ~580 nm is seen in the spectra. It has been suggested that this peak is associated with the formation of copper nanoparticles.
DLS results
Particle size is one of the most important characteristics of nanoparticles. The size distribution of synthesized nanoparticles and the average size was measured by using a dynamic light scattering (DLS) instrument. As is shown in figures 2 and 3, average size of copper nanoparticles is about 10 nm and the distribution range of nanoparticles is about 20 nm. Fig. 4 shows a representative TEM image of the produced copper nanoparticles. This image displays that the synthesized nanoparticles are non-agglomerated, and generally unlike in shape. Also images show and confirm copper nanoparticles production at nano-size.
TEM images
CONCLUSIONS
In this work, copper nanoparticles were successfully synthesized by a reduction method using dextrose. Herein copper nitrate was reduced to copper and was simultaneously dispersed in the base fluid, in the presence of pvp. The synthesized nanoparticles were characterized by UV-Vis spectrophotometer, Transmission electron micrographs (TEM) and dynamic light scattering (DLS). The presence of metal nanoparticles (Cu0) is proved by the appearance of the surface plasmon resonance on nanofluids. We obtained relatively monodisperse copper nanoparticles with a size range of 5-25 nm.
